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Case Study

Initial Presentation:

Medical records from Lori Smith, author Carrie Elaine Smith’s mother, were used to develop this case study. Lori Smith is a 52-year-old woman that initially presented with 
a 13mm kidney stone at her local emergency department.3 Smith presented with flank pain, nausea, vomiting, but notably no fever.3 Smith’s medical history includes 
recurrent urinary tract infections (UTI), type II diabetes, hypertension, and a kidney stone removal 18 years prior.4 An initial urine collection was done before Smith was 
ambulanced to a specialty hospital for acute kidney injury and potential k idney failure.3 A urine culture was conducted at the local hospital, but the resulting samples were 
not sent to the specialty hospital. Smith had an emergency 10mm French nephrostomy catheter placed for urine drainage to prevent kidney failure. 6 After the surgery was 
performed, Smith was diagnosed with a UTI, although the development of the UTI is unknown to have started before or after her initial presentation. A second urine 
collection was performed at the specialty hospital, with the ur ine culture indicating gram negative rods. A blood sample was analyzed through the OSH Infection Control 
Program, with results indicating uropathogenic E. coli. 7

Complications:

Smith was initially treated empirically with Zosyn, a penicillin antibiotic, for her UTI before UPEC was identified as the causative agent.3 24 hours after her surgery, Smith 
began to experience chills, confusion, and violent shaking, with her  blood pressure dropping from 105/55 Hg to 72/55 Hg. Smith was diagnosed with bacteremia and given 
1g ceftriaxone IV every 24 hours along with aggressive rehydration and midodrine for extreme hypotension.5 The cause of bacteremia could not be determined between the 
nephrostomy surgery or UTI complications, and cultur ing of  the nephrostomy tube was not performed as removal would risk further kidney damage that could have been 
fatal. Once the blood culture confirmed UPEC, Smith was continued on a ceftriaxone course and continually monitored for further development.3

Treatment:

Within 12 hours of initial treatment for bacteremia, Smith's blood pressure returned to 107/56, and ceftriaxone IV was prescribed as a continual antibiotic for 14 
days.4 Smith was discontinued on midodrine for hypotension. Once her kidney health was stabilized, Smith was sent home to await further surgery for kidney stone 
removal. An IV line remained for the ceftriaxone antibiotic, and a biweekly blood draw was conducted to monitor the infection. 5

Outcome:

After the two-week antibiotic course, Smith was cleared of her bacteremia, and the antibiotic course was discontinued.7 Smith had her kidney stone removed a week after 
her infection was cleared, and no further  complications occurred.6 Kidney damage from the stone is continually being monitored, but Smith is expected to make a full 
recovery. Smith will have future consultations to manage her  recurrent UTI complications as preventative for sepsis to occur again. 5

Conclusion
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Background 12

Overview:                                                                                        

                                                                                                    
Escherichia coli (E. Coli) is a Gram-negative bacillus and is known to be part of the normal biota of the human body. E. coli is a motile and non-spore forming facultative 
anaerobe. In primary biochemical testing, it is catalase positive and oxidase negative. Some identifiable features from secondary biochemical testing include lactose 
fermentation and indole production. E. coli is most often found in the gastrointestinal tract but certain strains are known to inhabit the genitourinary tracts well as natural flora. 
It is a common cause of gastroenteritis neonatal meningitis, and several nosocomial infections including UTIs. However , the strains causing UTIs do not originate from the 
genitour inary tract, but instead are strains naturally present in the gastrointestinal systems.                              
sdf                                                                                                                                     

Pathogenesis:                                                                                    

                                                                                                        
Uropathogenic E. coli (UPEC) colonizes the urinary tract after being displaced from the gastrointestinal tract through feces, where it comes in contact with the urethral 
opening. It moves through the urethra and binds to the uroepithelial cells of the bladder using a type I fimbrial activity. UPEC can survive in the urinary tract by neutralizing 
the lysosome and attaching to uroepithelial cells. UPEC can form biofilm-like clusters called intracellular bacterial communities IBCs), supporting its colonization further. In 
certain cases, UPEC will move up the ureters through its motility and enter the kidneys. Within the k idneys, UPEC can bind to the kidney lining and lyse the cells, allowing 
entrance into the bloodstream. 

(IBCs).                                                                                                            

Signs and Symptoms                                                                                                           
fghjkldfghjkl;’fghjkl;’dfghjkl;dfghjkl;dfghj                                                                                                                             
Signs and symptoms of UPEC are inflammation of the urinary bladder (cystitis), swelling of the kidneys (pyelonephritis), painful urination, inability to urinate, 
blood in the urine, nausea, chills, and general discomfort. If the infection has moved into the kidneys, symptoms can further develop into lower back pain, fever, 
and vomiting. Often, though, especially in young women, UTI infections are asymptomatic or only induce a minor fever, leaving the infection to be 

undiagnosed.                                              dfghjkml;’sdfghjklsdgfhjkl;sedrfhgjhkl;’sdfghjkl;sdfghjkl;dsfghjkldfghjkl                 

fgvhbjnkml,fghjkfcgvhbj                                                                                                                             

Diagnosis:                                                                                       

                                                                                                
Most UTIs are suspected based off of clinical diagnosis. A clean-catch urine collection will be conducted to measure the amont of bacteria within the urine. A 
UTI is diagnosed with the amount of bacteria is greater than 103 bacteria per mililiter of urine. To specifically diagnose UPEC, a urine culture is obtained from 
the patient  which will indicate a UTI. A subsequent blood culture is also necessary to determine Gram-negative rods. A PCR test  will ultimately determine what 
strain of E. coli is present. 

present.                                                                                                           

Virulence Factors8

Fimbrial Adhesion:

Mannose-resistant hemagglutinin, or P fimbriae, is a type 1 fimbriae more associated with UPEC than other strains of E. coli. P fimbriae bind to glycolipids and 

glycoproteins with mannosides present in them. Mannoside-containing glycoproteins are commonly present in the epithelial cells of the bladder and urethra, allowing for 

UPEC colonization. The f low of urine also facilitates this binding. With an increased flow, the end of the fimbriae undergo a conformation change that causes greater 

binding to their ligands, leading to stronger colonization of UPEC within the ureters and urethra as well. 

Hemolysin:

Hemolysin is a toxin produced by most E. coli strains. Hemolysin will bind to the TolC efflux protein to induce the formation of a channel in the outer membrane of 
cells, either allowing entrance of E. coli into the cell or  inducing apoptosis. To bind to TolC, hemolysin requires calcium to induce a conformational change. Since calcium 
is a component of urine, the hemolysin binding occurs more f requently in the urinary tract system. When in higher does, hemolysin is cytotoxic to erythrocytes, 
leukocytes, f ibroblasts, uroepithelial cells. Hemolysin is considered the virulence factor  that allows E. coli to pass through the kidney wall into the blood stream, causing 
bacteremia.

CNF-1:

Cytotoxic necrotizing factor 1 (CNF-1), is genetically linked with hemolysin when present in E. coli. CNF-1 induces the formation of actin stress fibers, causing a 
cytoskeleton rearrangement of  cells. This rearrangement is theorized to assist hemolysin in accessing TolC on cells, thus encouraging its binding and resulting apoptosis 
of  the cell.

SAT:

In UPEC infections that lead to acute pyelonephritis, 55% of  strains will have secreted autotransporter toxins (SAT). SAT is also present in diarrheagenic E. coli and 
Shigella sp. The full function of SAT is unknown, but it has been shown to have a cytopathic effect on kidney and bladder cell lines, inducing an immune response of 
inflammation. SAT is being considered for its role in inducing vesicoureteral reflux through causing bladder inflammation.

LPS:

The lipopolysaccharide (LPS) present on the outer wall of E. coli strains is required for the invasion of UPEC into bladder epithelial cells. LPS is an endotoxin,  where it 
stimulates the Toll-like receptor 4 (TLR4) on CD-4 T-cells to release inflammatory cytokines that damage cells.  LPS also seems to have importance in allowing growth 
in human serum once UPEC enters into the blood, but its role is not yet fully understood.

See Figure 2 for Model of Virulence Factors’ roles in UPEC pathogenesis

Possible Complication: Bacteremia

Figure 2: Model of UPEC Pathogenesis. (Mobley et al., 2009) 

Figure 1: Cell targets of antibiotics used to treat infections

by UPEC. (Whelan et al., 2023)

Figure 3: Development of bacteremia and sepsis. (Ryding, 2018)Overview:

Bacteremia occurs when a bacteria has entered the bloodstream and is rapidly
multiplying.1 0 Bacteremia is diagnosed through a blood culture indicating the

presence of a pathogenic bacterium. Some cases remain asymptomatic or

induce only a mild fever if the rate of replication is low. Bacteremia tends to
develop as a secondary infection to primary infections, where the bacteria of

the primary infection breaks through tissue to reach the bloodstream.2  Primary
infections that occur in the lungs, kidneys, stomach, and other organs with

easy access to the bloodstream have the potential to develop into bacteremia.

Even though most bacteremia is mild and resolves on its own, treatment
should be pursued to prevent further development of the infection. 1 0

Without treatment of bacteremia, though, the infection can progress into

sepsis. Sepsis is when the immune system overreacts to the growing infection

in the blood. When bacteremia has induced sepsis, symptoms change to
include tachypnea, shaking chills, persistent fever, hypotension, and gastrointestinal symptoms including nausea, vomiting, and diarrhea. 8  

When the systolic blood pressure drops below 90 mm Hg or the mean arterial blood pressure is below 65 mm Hg, the patient has entered into 
septic shock. The body tissues no longer receive adequate levels of oxygen from the bloodstream, leading to potential organ failure. Sepsis is 

considered a life-threatening emergency due to the possibility of tissue death. 1 0

Bacteremia from UTIs:

The UTI is the most common cause of community-acquired bacteremia andsubsequent sepsis. 1  However in only causes about 3% tota l of 
all bases of bacteremia. In 15-40% of patients with UTIs, bacteremia is confirmed upon presentation, though very few cases develop into 

sepsis. Most healthy adults recover from an E. c oli bacteremia within one week, but for some people, particularly young children and older 
adults, the combined bacteremia, sepsis, and UTI can lead to a development of hemolytic uremic syndrome (HUS). A HUS infection causes 

destruction of red blood cells that can lead to kidney failure. 2

Bacteremia from Surgical Procedures:

In the case study, the patient's bacteremia from UPEC is either a  result of her UTI infection or the surgical placement of a 
nephrostomy catheter. The majority of a ll bacteremia cases result from surgical procedure exposure to the blood or the reuse of unclean 

medical equipment  such as catheters and needles. Normal biota of the body can be introduced into a new body system or organ through 

traveling on foreign objects being inserted, allowing commensal organisms to become pathogenic. 1 1

Escherichia  coli is a gram-negative bacillus that is a commensal organism of the gastrointestina l and genitourinary system. E. c oli is the leading 

cause of urinary tract infections (UTI), where E. c oli from feces comes in contact with the urethral opening and starts colonization. E. c oli causing 

UTIs are referred to as uropathogenic E. c oli (UPEC).1  Infection of UPEC starts in the urethra , moves to the bladder, and can potentially move 
through the ureters to reach the kidneys. If the infection reaches the kidneys, the bacteria has the potential to enter the bloodstream, leading to 

bacteremia and potential sepsis. Virulence factors of UPEC include fimbrial adhesion, hemolysin, CNF-1, SAT, and LPS.8  UPEC is diagnosed 
through a urine culture indicating a UTI and a subsequent blood culture for gram negative rods. UPEC infections are common within hospita ls, 

especially after reuse of a  catheter introducing it into the bladder. Extreme caution should be used when using medical instruments, including 

sterilization and avoiding reuse, to prevent UPEC colonization into the bladder or the bloodstream. Proper hygiene is advised as well to prevent 
UPEC infections from occurring outside of a hospital environment. 5

Treatment:

1.

2.

3.

4.

5.

6.

7.
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9.

10.

11.

12.

Prevention:

UPEC infections can be prevented through proper sterilization of hospital 
equipment, especially urinary catheters. Avoiding the reuse of medical 
equipment will also prevent introduction of UPEC into the bladder. Another 
way to prevent UPEC infections is proper education of  hygiene practices, 
especially to younger children, including proper genitourinary care after using 
the restroom to prevent accidental fecal contamination of the urethral 
opening. Indiv iduals who have recovered from a UTI need to extra vigilant in 
monitoring for symptoms within the first 6 months post-recovery, because 
reinfections are likely with UPEC. 
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